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Introduction

Para sport, or sport for the disabled, describes the 
sport practiced by people with disabilities. Paralym-
pic sports have continued to increase in popularity 
over recent years. The Rio 2016 Summer Paralympic 
Games witnessed the largest cohort of athletes par-
ticipating at the event, namely 4378 athletes compe-
ting in 22 sports (4). With the growing interest and 
participation in such events, the protection of the 
health of the athlete and efforts to reduce both injury 
and illness in this population remain foremost on the 
agenda of the International Paralympic Committee 
(IPC) (4, 32). 

Since the 2002 Winter Paralympics in Salt Lake 
City and the 2012 Summer Olympics in London, epi-
demiological data of participating athletes have been 
recorded in an internationally standardized manner 
with the Web-Based Injury and Illness Surveillance 
System (WEB-IISS) (18, 32). Here, the participating 
countries’ medical attendants reported the injuries 
and illnesses of the respective Paralympic athletes. 
Injury frequency and injury types differed greatly 
from non-disability sports. Body regions such as the 
upper body and the spine are more frequently affect-
ed in Paralympic sports than the lower body (18). 

A common injury of the upper body constitutes 
sport-related concussions (SRC). SRC concerns mild 
traumatic brain injuries (mTBI) caused by a direct 
blow to the head, neck, or body resulting in an impul-
sive force being transmitted to the brain, which com-
monly occurs in sports (26, 27). It is associated with 
several short-term (e.g., headache, unsteady gait, 
dizziness, and/or loss of consciousness) to long-term 
(neurological diseases, chronic traumatic encepha-
lopathy (CTE), dementia, or vestibular dysfunction) 
impairments (14, 15, 27). 

Since 2016, the monitoring system for injuries 
has included specific questions about SRC, so that 
injuries are not only recorded by body region, but 
injuries to the head, face, and neck are also regis-
tered (9, 18). However, the data about SRC in Para 
athletes remains limited. A first position statement 
on SRC in Para sport was published in 2021 and 
addresses specific issues Para athletes are faced 
with (34). The SRC experience of the Para athlete 
is unique, due to the interaction of the individu-
al’s primary impairment and the pathophysiology 
of SRC (27). Therefore, SRC in Para sports may be 
underestimated.
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› Introduction: The Paralympic movement has grown rapidly over the last few years. As participation in Para sports increases, so do its
sport-related injuries. A particular injury constitutes sport-related concussions (SRC). However, the data regarding its epidemiology in Para 
sports has been inadequately researched. Therefore, this review aimed to investigate the occurrence of SRC in Para sports. 

› Methods: A systematic literature review was conducted according to PRISMA guidelines. 
› Results: 13 articles were included in this review. Wheelchair Basketball, Sledge Hockey, Blind Football, Para Swimming, Para Judo, and 

Para Skiing are most commonly affected by SRC. Sledge hockey reported 4.5 SRC per 1000 athlete sports exposure hours (AEH) and Para 
Swimming reported 0.5-0.6 SRC per 1000 AEH. Visually impaired athletes reported 1.24 SRC per 1000 AEH. Women reported 0.8 SRC per 
1000 AEH whereas men reported 0.3 per 1000 AEH. 

› Discussion: Para sports such as Wheelchair Basketball, Sledge Hockey, Blind Football, Para Swimming, Para Judo, and Para Skiing are 
differently affected by SRC compared to non Para sports. The increased incidence in Para Swimming and visually impaired athletes can be 
explained by the respective conditions due to different disabilities. The high incidence of SRC in women is similar to observations in non 
Para sports. Despite reported studies, SRC in Para sports may still be underreported.
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When comparing SRC incidence in Paralympic with non 
Paralympic disciplines, most appear in sports such as ice hockey, 
American football, and/or soccer (13, 36). For example, injury inci-
dence rates at Ice Hockey World Championship games ranged from 
0.7 in 2007 to 1.6 in 2012. 10% (N=160) of sports injuries constituted 
SRC (10). Kissick and Webborn evaluated Paralympic sports based 
on impairment, impact velocity, impact potential, and head protec-
tion, and created a risk rating for potential SRC (20). From this eval-
uation, the sports with the highest risk of SRC were Road Cycling, 
Football 5-a-side (blind football or blind soccer), Para Triathlon 
(with the bike), Para Alpine Downhill, Para Alpine Slalom, and Para 
Biathlon. However, Para Ice Hockey was rated as low risk, although 
its Olympic counterpart is characterized by high incidence rates 
(20). Because of these contradictory findings, it is necessary to in-
vestigate the incidence rate of SRC in Para sports in general.

Kissick and colleagues described that the ratio of publica-
tions related to Para athletes constitutes 1:100 when compared 
to athletes without disabilities (20). Additionally, there is a defi-
cit of research in the field of SRC in Para sports because sys-
tematic monitoring of injuries takes place only at Paralympic 
events (20). Because the most recent position statement of SRC 
stated that diagnosis and management of potential SRC in Para 
athletes is challenging with limited data (27), we aim to sys-
tematically review the existing data about SRC in Para sports 
to gain knowledge about its incidence and mode.

	 Methods	

A systematic literature review was conducted in accordance 
with the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis) guidelines (25).

Search Terms and Databases
The systematic search strategy and eligibility criteria were de-
veloped using the PICO scheme (24). The four inclusion crite-
ria were defined as follows: (P) Patients/Participants: Athletes 
with a disability regardless of performance level; Paralympic 
athletes. (I) Intervention: data collection on sport-related con-
cussions in disability sports. (C) Comparison: descriptive data 
on the epidemiology of sport-related concussions in disability 
sports. (O) Outcome: epidemiology of sport-related concussions 
in disability sports. 

Two literature searches were conducted in the electronic 
databases Web of Science, PubMed, and SPORTDiscus. The 
following terms were utilized:
1. �(Concussion) AND (Occurrence OR Incidence OR Appearan-

ce) AND (“Para Sport” OR “Disabled” OR “Disabled Athlete” 
OR Para* OR Disab* OR Wheelchair OR Blind OR Handicap-
ped) AND (Sport OR Athlete*) NOT (High School) NOT (NFL) 
NOT (national football league)

2. �(Concussion OR Brain Damage, SRC, Sport-Related Concus-

Concussions in Paralympic Sports. Included studies.

REFERENCE DESIGN
ATHLETE / PLAYER SPORTS  

EXPOSURE DURATION
MAIN RESULTS

(3) Curtis KA et al. (1985) Survey 4·35±1·76 days per week
2% SRC reported out of total 291 

injuries.

(4) Derman et al. (2017) Survey 51198 days No reported SRC.

(5) Derman W. et al. (2020) Prospective cohort study 6804 days
2 SRC in Alpine Skiing and 2 SRC in 
Para Ice hockey  reported out of total 

142 injuries.

(11) Ferrara et al. (2000) Longitudinal Study 13 - 24 days
3 SRC out of 1037 total injuries 

reported.

(12) Hawkeswood et al. (2011) Survey Not reported

SRC were reported to be among the 
most common (8 out of 10 respon-
dents) injuries and highest-ranked 
specific injury (6 out of 10 respon-

dents).

(19) Hollander et al. (2020) Prospective injury surveillance study
940 matches

3696 days

No SRC were reported. Unreported 
minor SRC estimated to be prevalent 

in half of the cases.

(21) Lexell et al. (2021) Descriptive epidemiological study 6.8±4.8 hours per week
13 SRC or 0.5 SRC per 1000 athlete 
exposure hours reported (9.3% of all 

reported injuries). 

(22) Magno e Silva et al. (2012) Descriptive epidemiological study 23 matches No SRC reported. 

(23) McCormack DA et al.(1991) Survey Not reported
7 SRC out of total 346 reported 

injuries.

(29) Sobry AJ et al. (2022) Survey Individual to each player
4.5 SRC per 1000 Athlete exposure 

hours reported ( range 2.6-7.3).

(30) Webborn et al. (2006) Prospective injury surveillance study Not reported
1 SRC out of 24 total injuries reported 

in Alpine skiing.
(31) Webborn, Willick & Emery 
(2012)

Descriptive epidemiological study. Not reported
In Nordic skiing and biathlon, 2 SRC 

out of 26 total injuries reported.

(35) Wessels et al. (2012) Survey Not reported

6.1 % out of 263 participants 
reported SRC.102 SRC reported.   

30.6% of women and 14.36% of men 
reported a previous SRC.

Table 2
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sion, Brain Injury*) AND (Occurrence OR Incidence OR Ap-
pearance) AND (Para* OR Disabled Sport) NOT (High School) 
NOT (NFL) NOT (national football league)
All articles from the year 1940 to the year 2023 were extract-

ed from the databases. After duplicates were removed, publi-
cations were matched against inclusion and exclusion criteria 
based on the headings and abstracts and finally with the other 
information in the full text (figure 1). Decisive for the final selec-
tion was the relevance of the research question and the defined 
quality criteria regarding the study design.

Study Selection and Data Extraction
The identified studies from the electronic databases were 

transferred into a record management software for further 
screening. The whole screening process was in line with the 
mentioned eligibility criteria. In the beginning, all duplicates 
were removed. In the final step of the screening phase, the arti-
cles were screened in full-text version and, again, if necessary, 
removed if not matching the eligibility criteria.

Risk of Bias
For each article that met the inclusion criteria, the risk of bias 
was independently rated by two raters using the Downs and 
Black checklist (7). In case of an occurred discrepancy between 
the two raters, the issue of interest has been discussed with a 
third independent rater.

	 Results	

1938 studies were identified by the application of the presen-
ted search terms. Of these 1938 studies, 542 duplicates were 
removed. Out of the 1396 screened records 1330 records were 
removed because they did not meet the inclusion criteria. 66 
remaining studies were then reviewed based on their full-text 
versions. Additionally, 3 Studies were identified via manual se-
arch through cross-referencing. Finally, 13 studies were inclu-
ded in this review. A detailed overview of the decision-making 
process is shown in figure 1.

Risk of Bias Assessment
The risk of bias assessment of the included studies did not show 
any inter-rater conflicts between the two raters. Additional 
data on individual quality scores are provided in table 1 in the 
supplementary material.

Study Characteristics
The included studies consist of six surveys and seven obser-
vational studies (3, 4, 5, 11, 12, 19, 21, 22, 23, 29, 30, 31, 35). Six 
studies investigated Paralympic events (4, 5,11, 22, 30, 31). All 
the details of the included studies have been provided in table 2.

Findings
For the overall Paralympic games, Ferrara and colleagues re-
ported 3 SRCs out of a total of 1037 reported injuries (11). In 
2021, Lexell and colleagues assessed the incidence proportion 
and incidence rate of SRC in elite Para athletes across various 
disciplines, over a period of 52 weeks (21). They reported a to-
tal number of 13 SRCs with an incidence rate of 0.5 per 1000 
athlete sports exposure hours (AEH) (21). Also, for the sport of 
Para swimming and Para judo, 2 SRCs each were reported out 
of the total 13 SRCs (21). Furthermore, in wheelchair basketball, 
6.1% of the participants reported SRC (35). In Winter Paralym-
pic sports, Sledge hockey reported an incidence rate of 4.5 SRC 
per 1000 AEH (29). Additionally, Para alpine skiing reported 1 

SRC out of total of 24 injuries in the 2002 winter Paralympic 
games (30) and 2 SRCs out of 142 total injuries in the 2018 win-
ter Paralympic games (5). Para Nordic skiing including biath-
lon reported 2 SRCs out of 26 total injuries (31). Furthermore, 
an incidence rate of 1.24 SRC per 1000 AEH was observed for 
visually impaired athletes, 0.3 SRC per 1000 AEH for physical 
deformities, and 0.7 SRC per 1000 AEH for athletes with spinal 
cord injury (21). Women reported an incidence rate of 0.8 SRC 
per 1000 AEH and men reported 0.3 SRC per 1000 AEH (21).

	 Discussion	

The present study examined the incidence of SRC in Para sports. 
Thirteen studies were included in this review. The results sho-
wed that SRC in Paralympic sports differs among the disci-
plines. Sledge hockey had the highest incidence rate of SRC. 
Furthermore, Sledge hockey and Para swimming had higher 
SRC incidence than their able-bodied counterparts. Basketball 
showed similar incidence rates for both groups. Visually impai-
red and female Para athletes were more affected by SRC than 
the athletes with other impairments and male Para athletes 
respectively. 

In Para swimming, 15% SRC (n=2 out of 13 total SRC) were 
reported with an incidence rate of 0.5-0.6 per 1000 AEH (21). 
Generally, swimming is not characterized by high rates of 
SRC as the incidence rate is approximately 0.03 per 1000 AEH 
in able-bodied swimmers (1). For Para swimmers, the sports 
classes vary according to the physical and vision impair-

Figure 1  
Overview of the decision-making process for the included studies.
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ment with the lower numbers denoting higher severity of the 
impairment (28). A higher incidence of SRC can be reported 
in Para swimming because depending on the Para swimmer’s 
underlying medical condition, their swimming biomechanics, 
compensatory biomechanics, and techniques to accommodate 
an impairment, can be altered (28). This in turn can affect their 
motor control and coordination, which can result in inaccurate 
perception of their sport surrounding or the pool. This can result 
in not being able to adeptly control their speed and direction 
causing collision with walls or even other swimmers, thereby 
increasing the probability of SRC (16). Furthermore, swimmers 
with dysmelia must use their heads to stop the timer, which is 
not considered an SRC but involves decreased neurobehavioral 
functions after several hits to the wall (16).

Also, similar to able-bodied swimmers having variability 
within the same age group, within each sport class every Para 
swimmer can have a distinct swimming performance, reflec-
tive of their training, experience, and athleticism, which is not 
affected by their impairments (28). Therefore, SRC prevention 
programs should be specifically designed for individual Para 
swimmers due to the difference in training needs based on un-
derlying medical conditions, impairments, and function. 

In wheelchair basketball, an incidence ratio of 8% SRC (n=1 
out of 13 total SRC) out of total injuries was reported with an 
incidence rate of approximately 0.3 per 1000 AEH (21). In non 
Para basketball, an incidence of 0.2 - 0.5 SRC per 1000 AEH is 
observed (6). Basketball in itself constitutes a contact sport 
with high accelerations or speed that comes with a high risk 
of SRC. Contact has been a decisive factor contributing to high 
incidence of SRC in sports (12). Wheelchair basketball has safe-
ty rules like a protective horizontal bar on the wheelchair and 
anti-tip devices to prevent tipping or having wheel hubs without 
protrusions or sharp edges to prevent injuring other players and 
protect the playing surface. However, even with these measures 
it was found to have a similar rate of SRC as basketball. This can 
be ascribed to Para athletes having decreased muscle control, 
traveling at greater speeds, having a higher center of mass, or 
even the wheelchair setup being an unstable setup with higher 
risks of tipping over (3, 23, 35). These factors can be the reason 
for increased collisions or causing them to fall from the wheel-
chairs exposing them to a higher probability of getting an SRC, 
more so because their muscle control to protect themselves 
during a collision or a fall is decreased. 

In Para judo 15% (n=2 out of 13 total SRC) SRC were report-
ed with an incidence rate of 0.5-0.6 per 1000 AEH (21). A high 
incidence rate may be grounded in the fact that Para judo is 
mostly practiced by athletes with visual impairments. This can 
diminish the proprioceptive abilities of the athletes (8), possi-
bly increasing the risk of SRC caused by being thrown to the 
floor or decreased ability to accurately dodge being hit by an 
opponent. Additionally, it can be a result of being thrown in an 
unexpected direction (21). In fact, sports with visually impaired 
athletes showed principally a higher SRC incidence than other 
impairments such as physical deformities or athletes with spi-
nal cord injury (21, 22). 

In Football 5-a-side sports in Brazilian football players with 
visual impairment, there was no report for SRC (22). However, it 
was stated that “A head injury is of great concern to the health-
care team, because it can lead to concussion” and 8.6 % (n=3 
out of 35 total injuries) head injuries were reported (22). Injury 
surveillance data from the London 2012 and Rio 2016 Paralym-
pic Games showed that blind football was the Para sport with 
the highest injury incidence per 1000 hours and at the London 
2012 Paralympics, 13.6% of these injuries were to the head and 

face, also confirming that the blind footballers may be at risk 
for SRC (4,33). Blind football has a special set of rules such as 
speed limits, calling out before tackling, or no headers for the 
player’s safety. However, the inability to perform a preliminary 
observation of the training or competition environment puts 
them at a disadvantage and more susceptible to sports injuries 
such as SRC (8). Moreover, since vision plays a pivotal role in the 
balance of an individual (17), it might further impair the ath-
lete’s core stability thereby making them prone to falls during 
various maneuvers. Thus, visually impaired athletes seem to be 
at a particularly high risk of experiencing SRC.

Para winter sports are characterized by variable incidence of 
SRC in Sledge Hockey (Para ice hockey), Para alpine skiing, Para 
Nordic skiing, and biathlon (5, 30, 31). The SRC incidence rate 
in sledge hockey teams was found to be substantially high (29). 
However, SRC accounted for 0.5 – 0.9 per 1000 AEH of ice hock-
ey-related head injuries in non Para athletes (37). In both sledge 
hockey and ice hockey, bodychecking accounted for a major 
portion of SRC (12). However, the increased risk in sledge hockey 
may be due to the dasherboards that are commonly above the 
player’s seated height with the bottom boards being very rigid 
as compared to the flexible transparent shields located above 
(12). Also, a sledge athlete’s propulsion is gained almost entirely 
through upper body motion, which causes a greater momentum 
of the athlete at the moment of contact during a bodycheck, 
when compared to the same maneuver by a regular ice hockey 
player (12). Thus, sledge hockey is characterized by a very high 
SRC incidence rates, that must be further investigated to better 
protect the athletes.

During the 2002 Winter Paralympics, 1 SRC (out of 24 total 
reported injuries) was reported in Alpine skiing (30) and an 
incidence rate of 0.3 per 1000 athlete days (1.4% of all injuries) 
was reported in the 2018 Paralympic winter games (5). In Nor-
dic skiing and biathlon, 7.7% of all injuries were reported to 
be SRC (31). Para winter sports have high vigilance and safety 
measures, such as having an aid for the athletes. Winter sports 
with their unpredictable environment paired with breakneck 
speeds are inherently considered extreme sports and have a 
high incidence of injuries including SRC. Combining this with 
the disabilities the Para athletes already possess, a much higher 
probability of SRC arises.

A trend followed similarly by both Para and non Para ath-
letes in every sport is having a higher incidence of SRC in wom-
en than men (19,21,35). In Para athletes, women have an inci-
dence rate, which is 2.5 times that of men (21). Decreased neck 
strength causing greater peak head and neck acceleration, neu-
roanatomical differences (such as greater area of unmyelinated 
neuronal processes), and willingness to report an injury can 
be the possible reasons (2). However, literature concerning the 
incidence of SRC in female Para athletes is scarce, and further 
evaluation of the epidemiology is recommended.

One limitation of the study is the inconsistent definition of 
‘head injuries’ in some articles, ranging from mTBI to minor 
injuries like abrasions or neck injuries, including SRC. This has 
to be addressed in further studies to better understand the con-
sequences of an SRC. Another limitation is the unavailability of 
the exact athlete sports exposure duration or incidence rates 
in some reported articles. This makes it difficult to compare 
the incidence rates of SRC for different sports. Additionally, 
some of the reported studies had the participant’s self-reports, 
which can raise questions regarding the accuracy of the ob-
tained data. However, Para athletes concern a diverse and un-
derstudied cohort with limited resources related to medical 
support. Therefore, we believe that self-reports are still feasible 
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in such athletes. Still, for further research different data col-
lection modalities should be utilized to broaden the data set 
and our knowledge. In particular, the fact there is availability 
of up-to-date methods that can address behavioral and neuro-
physiological changes after head impacts in Para athletes (16) 
we should explore different methods to obtain objective and 
reliable data. Lastly, instances of SRCs are frequently not fully 
disclosed, primarily due to insufficient awareness of symptoms 
and their potential consequences (21). This results in the under-
reporting of SRC. 

	 Conclusion	

This study was conducted to reveal the incidence of SRC in Para 
sports. Sledge hockey and Para swimming have a higher SRC 
incidence rate as compared to their able-bodied peers. Basketball 
demonstrated a similar SRC incidence to the non Para athletes. 
Additionally, athletes with visual impairments and women are 
affected by a particularly high incidence rate of SRC. Because 
data assessment is insufficient in Para sports and screening tools 
are not easily transferable to the heterogeneous impairments 
that the Para athletes are faced with, the number might even 
be underestimated. However, first attempts are being made to 
improve diagnosis in Para athletes by applying advanced neuroi-
maging and behavioral methods (16). Given the reality of sports 
economics, characterized by low financial contributions from fe-
derations through low licensing and sponsorship revenues, fewer 
opportunities to train, and few marketable events, Para athletes 
must take advantage of the few opportunities to be present at 
major sporting events to finance and sustain their careers. The-
refore, the investigation of SRC in Para sports must be increased 
to gain more insights into their occurrence and potential health 
impact on Para athletes.�
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